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INTRODUCTION
Statement of the Problem
The purpose of this study was to design, build, and test
an electrical discharge machine in the form of an electron
drill which would demonstrate the principle of electrical dis
charge machining (also known as EI^) and could do actual work.
Need for the Study
It is important that students keep abreast of recent
developments and trends in industry. One such trend is the
wider use of electrical discharge machining to remove broken
taps, to drill holes in hardened metals and hard alloys, and
to do intricate work which could not be duplicated by any
other means (9). It is out of the question for most school
shops to purchase an electrical discharge machine or an elec
tron drill because of cost. The cheapest automatic electrical
discharge machine sold by Broadhead-Garrett Co., the Model
EDM-10 and manufactured by Vega Enterprises, sells for
$2,150.00. The cheapest manually operated electron drill
manufactured by the Elox Corporation, the portable Model
M 200B, sells for $610.00. A cheaper method of demonstrating
the principle of electrical discharge machining is needed
which uses existing tools readily available in most school
shops. Industry can afford to buy specific tools for specific
purposes, but school shops in many instances must buy tools
for dual purposes.
Basic Assumptions
It is assumed that: (1) established designs can be
simplified in order to be understood and built in a senior
high school, (2) basic existing shop equipment can be util
ized in the design and construction of an electron drill,
(3) economy will be a prime factor in choosing the final
design, (4) an electron drill can adequately demonstrate the
principle of EDM,
Limitations of the Study
The end result will be a tested design of an electron
drill. Simplicity in circuitry and mechanical requirements
will take precedence over the best circuitry and mechanical
requirements.
REVIEW OF LITERATURE
Many articles have been written about electrical dis
charge machining in recent years concerning its advantages,
disadvantages, applications, and theory, but little has been
written concerning any simplified version of this rapidly
developing tool.
The Elox Corporation instruction manual for their elec
tron drill Model M 200B proved to be a valuable aid in the
design of a simplified drill. Some of the unique features
of this drill are:
1. It is small, compact and portable.
2. The power supply is simple, containing basically
a vibration transformer, power transformer,
rectifier, fan motor, and vibration resistor.
3. A vibration head is employed to maintain the
proper arc distance and keep the electrode from
welding to the work.
4. It makes use of a drill press to mount the
electrode holder.
5. A coolant is forced through a hollow electrode,
6. Regular tap water can be used as a coolant (5).
After this research project was near completion, Zadig
wrote an article in Popular Science on how to build an elec
trical discharge machine for less than five dollars. This
particular machine does not make use of any existing shop
equipment such as a drill press as did the Elox machine.
The main features of Zadig*s machine are:
1. A hand screw to bring the electrode into position
to maintain an electric arc.
2. A small plastic tray in which to hold the dielectric,
kerosene being recommended as a dielectric.
3. A simplified electric circuit which employs a
silicon rectifier, two light bulbs, and two
electrolytic capacitors (11).
A slightly modified version of the power supply contained
in this unit was built and tested as a part of the development
of this thesis. It was found to be extremely dangerous when
used in conjunction with or near any machinery that was
grounded, because of the electrical shock hazard. The power
supply itself cannot be grounded with a ground wire due to
its design. Another limitation of the unit described in
Popular Science is its ability to handle only smaller pieces
of work due to its size and power output.
Electrical discharge machining has only recently come
into its own within the past decade, but Bonales predicts that
by 1975 twenty-five to fifty per cent of all machining will be
done by EDM (1). Tom Clark, president of Clark Metal Products
Company, said, "EDM may not be the answer to everything, but
it is the answer to so many things, you can't afford to be
without it" (2).
DISCUSSION OF THEORY
Electrical discharge machining was invented and developed
by two Soviet researchers, B. R. Lazarenko and N, I. Lazarenko
(8). Since EDM's inception, many countries including the
United States have developed discharge machines of their own
design.
The basic principle of EDM is the erosion of an electri
cal conductor while submerged in a liquid dielectric by using
a pulsating spark to melt minute quantities of material on
the surface of the conductor. To further define the process
in greater detail, two electrodes are submerged in a dielec
tric, usually kerosene or an oil, in close proximity to one
another. One electrode is called the cathode or tool and the
other electrode is the anode or work. Both the cathode and
anode must be conductors of electricity. An electric poten
tial is applied to the electrodes from a power supply until
the breakdown voltage is reached in the dielectric at which
time the dielectric ionizes and a spark jumps between the
electrodes. During most machining operations the electrons
are made to flow in one direction from the tool to the work.
This is accomplished by making the tool negative and the work-
piece positive. A localized electron impact occurs on the
workpxece releasing a large amount of heat and energy which
melts a small quantity of metal, ejecting it in the form of
solid and hollow spheres. It is thought that some of the
metal is also ejected in the form of vapor (10,7). The
amount of material ejected and the crater size is proportional
to the amperage used in the discharge. A portion of the
molten metal is not ejected from the work and is resolidified
rapidly by the cooling effect of the dielectric. Gas bubbles,
small metal particles, and other chemicals are washed away by
the dielectric after each discharge preparing the way for
another electrical discharge. Each discharge creates a small
crater in the work piece (8).
Surface changes occur on the electrically machined areas
and are caused primarily by a rapid cooling of the molten
crater bases by the liquid dielectric. These surface changes
are dependent on the dielectric, spark parameters, electrode
materials, and gap conditions, and the composition of the
metal. Some of the surface changes that can occur are macro
scopic slip and twinning, cleavage, phase changes, crystal
lattice defects, and residual stresses (6), Lower electrical
power and higher frequencies used in finishing cuts minimize
the effects of surface changes. In many cases a thin hard
8surface produced by EIM is desirable such as in the manufac
ture of dies. A longer die life is insured by a thin hard
surface. In some instances a stressed surface is undesirable,
and in such cases the stressed surfaces can be removed by
chemical milling, abrasive finishing, or electropolishing.
Many types of liquid dielectrics are used in electrical
discharge machining, but the most common is kerosene. Ordin
ary tap water can be used by itself or with an additive such
as a water soluble oil or Elox's water primer. Ordinarily
water is used only in very rough machining operations such as
in removing broken taps because of wasted power and corrosion
of the workpiece. In smooth surface finishes kerosene, ethyl
alcohol, and transformer oil are used (4). Periodically the
dielectric should be changed or filtered to remove the small
metal particles ejected from the work. If the dielectric is
used continuously over longer periods of time, it needs to be
cooled in a heat exchanger to remove the heat generated in
the arc gap. The purposes of the dielectric are to act as an
insulator between the tool and work, spark conductor after
ionization, coolant, and flushing agent (8).
Electrodes can be made from any conductor, but the prop
erties generally sought are high wear resistance and good
electrical conductivity. Some electrode materials which
embrace these properties are graphite coke, copper graphite,
and tungsten alloyed with other materials. Both graphite and
tungsten have low wear ratios because of their high melting
temperatures. Carbon electrodes melt at approximately 6300 F
and go directly to a vapor. In some cases electrode wear is
beneficial such as in producing Injection molds, because the
sides of the molds will be eroded on a slight taper or draft
for easy removal of the casting. Electrodes with the greatest
amount of wear are zinc, brass, steel, and copper because the
maximum melting temperature of these metals is approximately
2800*^F (3). The shape of the hole being machined is dependent
on the shape of the tool.
Power supplies can be broken down into three basic types
by circuitry. One type is the resistance capacitance, or RC
circuit. Here capacitors are charged by a constant DC voltage
supply until they reach the breakdown voltage of the dielec
tric at which time an electrical discharge occurs and the
cycle is repeated. The advantages of an RC circuit are its
low cost, and it is relatively maintenance free. Another type
of circuit is the pulse type circuit. Here a vacuum tube or
transistor is used to switch the electrical pulses on and off
10
from a DC power supply. An advantage of this type of tmit
over the RC power supply is that higher frequencies can be
used, thereby producing finer surface finishes and higher
stock removal rates. Rotary impulse generators, a third type,
are run by a motor and in turn charge a capacitor through a
silicon diode. The capacitor can be charged while the dielec
tric is being deionized. This is not possible in the RC unit.
A characteristic of the impulse rotary generator is that
higher frequencies can be obtained than through RC type
circuits (10).
The basic components of EDM which are directly involved
in the erosion process have been discussed along with the
sequence of events during the process. A typical machine tool
would also include a bed on which to mount the work, a tool
holder, a manual or servo feed mechanism, and a dielectric
tank with its associated plumbing. See Figure 1 for a typical
schematic arrangement of these parts.
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DESIGN AND CONSTRUCTION OF THE ELECTRON DRILL
The method of procedure used in the basic design of the
electron drill was to review all pertinent literature in the
Iowa State University libraries. Letters were also sent out
to various manufacturers of EDM equipment requesting cata
logues and descriptive literature of their products. It was
hypothesized that existing school shop equipment could easily
be substituted for specially designed EDM parts after a care
ful study of existing electron drills and less complex elec
trical discharge machines. A preliminary sketch was made
which incorporated various component substitutes into a test
able electron drill design. A copy of this preliminary
sketch was made and is shown in Figure 2.
The basic machine tool around which all other component
parts were assembled was a standard shop drill press. The
drill press provided a manual feed mechanism which brought
the electrode to within arcing distance of the work. Two
different types of drill presses were used. The first type
was a standard floor model with a small flat adjustable table
Due to the size and shape of the table it was not able to
catch and hold any liquid dielectric, so a large plastic con
tainer was placed on the table to hold the dielectric. The
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second kind of drill press used was a ram-type radial drill
press which had slots cut into the table top and a trench
moulded on its outer perimeter. The trench contained a small
quantity of dielectric; however, it did not hold enough di
electric in which to submerge the work.
The drill press had the capacity to bring the electrode
into close proximity or contact with the work, but it was
difficult to maintain a consistent close gap between the
electrode and the work to produce a constant arcing between
the two. A metal engraver or vibrator was used to maintain
the proper arcing distance. The electrode would oscillate
up and down in the vibrator making and breaking contact with
the work. During the oscillation process the tool exerted a
slight mechanical force on the work. A piece of half-inch
aluminum round stock approximately six inches long was split
and bent to form a yoke which held the vibrator in the drill
press chuck. The yoke was held to the vibrator by one bolt
which passed through the vibrator and yoke, permitting angular
adjustments to be made. The two basic functions of the vibra
tor were to maintain a consistent arc gap and provide added
agitation of the dielectric to facilitate the removal of metal
particles from the machined area. Rapid removal of eroded
15
particles was essential in cutting deep holes. Some electron
drills use a vibrator to maintain the proper arc distance
while others use an automatic servo feed mechanism which is
complex and expensive to build.
Another device needed was an electrode holder which would
permit a constant supply of dielectric to be forced through
the electrode or tool. The basic materials used for the con
struction of the electrode holder were a hard copper Tee, a
brass compression tube fitting, a short piece of bakelite, and
a six inch length of copper ground strap. One end of the
bakelite was turned down to fit the chuck in the vibrator, and
the other end was secured to the copper Tee connection with
Eastman 910 adhesive. The bakelite acted as an electrical
insulator between the tool and the vibrator. One end of the
brass compression fitting was turned off to fit into the
copper Tee, and then it was hard soldered into place. Finally
a six inch length of braided ground strap was soft soldered
into place on the copper Tee. The flexible ground strap was
used to form a non-rigid electrical connection from the
vibrating tool to the power supply. Figure 3 shows a detailed
assembly of the tool holder. Two basic sizes of tool holders
were made, one using a 3/8 inch compression fitting and the
DIELECTRIC
FLOW
COPPER TEE -
HARD SOLDER
BAKELITE
EASTMAN 9!0
ADHESIVE
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Figure 3. Tool holder schematic
GROUND STRAP
BRASS COMPRESSION
TUBE FITTING
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other using a 1/4 inch compression fitting to permit the use
of larger and smaller electrodes.
Several electrodes or cutting tools were made from vari
ous materials; copper, brass, graphite. Figure 4 shows the
various shapes of the electrodes used, which were round,
square, and hexagonal with a small hole drilled in the center
of each for dielectric flow. One end of each tool was turned
down to fit snugly into the brass compression fitting. The
brass hexagonal and square tools were turned down in two steps
to permit the machining of a smoother more even hole through
a workpiece. The first step was for roughing, the second was
for semi finishing, and the third was used in the finishing
cut.
A modified version of Zadig's power supply was built, but
in no way did it alter the basic principle of the one illus
trated by Zadig in Popular Science. The objectives sought in
altering it were to increase its versatility by incorporating
heating element coils instead of light bulbs and a larger
silicon rectifier to increase the current output. The second
alteration was to add a bank of capacitors which could be
individually selected by toggle switches to give a wide choice
of capacitances. By replacing the heating coils with light
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bulbs and manipulating the proper switches, Zadig's power
supply could be duplicated. The entire assembly was mounted
on a plexiglass chassis. See Figures 5 and 6 for an electri
cal schematic and completed power supply respectively.
Four basic setups or different arrangements of components
were made. The simplest arrangement, shown in Figure 7, made
use of no instrumentation whatsoever. A piece of clear vinyl
tubing was connected to a water faucet and to the copper Tee.
The clear vinyl tubing permitted a non-rigid connection
between the tool holder and the dielectric supply allowing
the tool to oscillate freely up and down. A plastic container
was placed on the drill press table to catch and hold the
dielectric. A drill press vise was then placed in the plastic
container to hold the work. The drill press vise was of such
weight that it was not found necessary to fasten the vise in
the bottom of the plastic container. The ground cable from a
DC welder was clamped to the vise, and the electrode cable was
draped over the top of the drill press and clamped to the
ground strap on the tool holder.
The next setup was a closed loop instrumented arrangement
using a 1/8 HP 110 VAC motor to drive a small contrifugal
pump. The suction side of the pump was connected to a piece
n
o
V
A
C
1
0
A
H
2
0
0
m
fd
n
o
V
6
6
0
W
•
v
W
-
n
o
V
6
6
0
W
n
o
V
6
6
0
W
h
e
a
ti
n
g
c
o
il
v
W
^
\
\
5
0
m
fd
2
0
0
m
fd
H
E
A
T
IN
G
C
O
IL
S
kO
m
fd
F
ig
u
re
5
.
M
o
d
if
ie
d
R
C
p
o
w
er
su
p
p
ly
sc
h
e
m
a
ti
c
T
O
O
L
\
\
2
k
m
fd
1
0
m
fd
O
W
O
R
K
21-22
Figure 6. Completed RC power supply
Figure 7. Simple set up
23
of clear vinyl tubing and placed in the bottom of a plastic
tank. Dielectric was discharged through a petcock valve
which metered the flow to a 0 to 30 lb. pressure guage and
from there through clear vinyl tubing to the copper Tee. The
electrical connections were the same as in the previous welder
setup with the exception that a 0 to 50 ampere DC ammeter was
placed in series with the welder electrode holder and braided
ground strap as shown in Figure 8.
The third setup consisted of the closed loop centrifugal
pumping system and dielectric tank. For a power supply, the
previously discussed modified RC power supply without an
ammeter was connected to the tool holder ground strap and
vise as shown in Figure 9.
The tap removing setup in Figure 10 required no dielec
tric tank in which to submerge the work. Liquid dielectric
was pumped from a trench on the outer perimeter of the drill
press table through the tool. The tool holder was inserted
into the drill press chuck without the vibrator unlike the
three previously discussed arrangements. While the whole
work piece was not submerged in dielectric, the area being
cut was submerged by a continuous flow of liquid dielectric.
The electrical circuit consisted of the modified RC poiwer
24
^ •
Figure 8. Closed loop instrumented set up
Figure 9. RC closed loop set up
25
Figure 10. Tap removing set up
26
Figure 11. Tap removed
27
supply. The work was clamped in a drill press vise and placed
on a piece of clear plastic preventing a short circuit between
the RC power supply and the ground wire on the raro-type radial
drill press which could not be disconnected without difficulty.
28
INITIAL OPERATION AND RESULTS OF OPERATION
Each of the previously described arrangements of compo
nents had their advantages and disadvantages. The various
arrangements of components were made to demonstrate that
several workable solutions to the problem could be found.
A basic start up procedure was established and used in
each set up to insure consistency of operation and operator
safety.
Start up procedure:
1. Disconnect power to drill press
2. Insert and tighten vibrator
3. Insert and tighten tool holder
4. Insert and tighten desired electrode
5. Mount work squarely in vise
6. Check electrode position with respect to work
7. Connect clear vinyl tubing
8. Start dielectric flow
9. Start and adjust vibrator
10. Turn on power supply
11. Bring tool into close proximity to the work
Several explanations of the start up procedure are
necessary. First it was essential that the drill press be
29
unplugged or the master power switch turned off to avoid acci
dentally turning on the drill press. If the drill press were
turned on, it would damage the equipment and possibly injure
the operator. Second, when the electrode position was checked
with respect to the work and found to be out of square, or
not perpendicular to the work, an adjustment was made by
tilting the vibrator in the yoke, tilting the drill press
head, or in some cases tilting the drill press table. Third,
in most cases the coolant flow was started at about 5 PSI and
did not exceed 30 PSI. In some instances an adjustment in
flow was made while the electron drill was in operation to
speed the cutting action. Fourth, the vibrator was initially
adjusted so the stroke was short. In this condition the
vibration was less audible. In general, heavy vibration was
used for coarse high amperage cutting, and light vibration
was used for fine low amperage cutting. Here as in the case
of coolant flow an adjustment was sometimes made during the
electron drill operation. Last, as the tool was brought into
contact with the work a crackling sound (like the frying of
bacon) occurred which was caused by the electrical discharges
in the dielectric. When the crackling sound occurred at a
steady rate, it was an indication of a continuous cutting
30
action partially determined by the amount of pressure applied
to the drill press handle. If the crackling sound ceased,
the electrode was not close enough to the work or it was pos
sibly welded to the work. In the case of a set up without an
ammeter the electrode was raised or lowered accordingly. When
an electrode became welded to the work the power supply was
shut off and the electrode broken loose. An ammeter, when it
was used in the circuit, was watched during the actual cutting
action. The needle of the ammeter was kept fluctuating near
the peak amperage setting of the power supply for a fast cut
ting action. If the electrode became welded to the work the
ammeter would then be steady on the power supply amperage set
ting, and if there was no electric cutting action the ammeter
indicated zero.
Each of the basic set ups was tried and evaluated. The
simple set up as shown in Figure 7 was the cheapest to assem
ble and least complicated to operate. In this case the work
was submerged in the dielectric, but it did not have to be.
When the work was not submerged, bright sparks tended to fly
upwards producing a slight hazard to the operator. Regular
tap water was used which is very economical but did not pro
duce the best surface finishes especially on aluminum which
31
oxidized quite readily. One definite disadvantage of this set
up was that the dielectric tank would eventually fill up and
would have to be periodically emptied. This difficulty could
have been overcome by an overflow line leading to a drain.
The cutting action was controlled by listening to the crack
ling sound which was not as easy as watching an ammeter indi
cation of current flow. The dielectric flow pressure could
not be readily determined because there was no pressure indi
cating device.
The closed loop instrumented set up was used to overcome
some of the difficulties of the simple set up. One advantage
of the closed loop pumping system was that it permitted the
use of various dielectrics. A pressure guage and petcock
valve on the pumping system permitted easy regulation of a
known dielectric pressure which could be readily repeated.
Another advantage was that the dielectric holding tank did
not have to be emptied during the cutting operation. An
ammeter permitted a more accurate control of the cutting
action of the spark.
Another variation of the closed loop instrumented set up
was the RC closed loop set up. The RC set up was the same as
the previous set up with the exceptions that the modified RC
power supply was used and the ammeter was omitted. It was
32
found to be difficult to drill deep holes without an arc
indicator in the form of an ammeter. The RC power supply
only produced about ten amperes which resulted in finer cuts
than did the welder power supply. The frequency of the spark
discharges were changed by adding or subtracting capacitance
on the power supply with switches. For larger, deeper holes
lower frequencies and higher capacitance was used. The big
gest disadvantage of the RC set up was the electrical shock
hazard of the power supply. The main advantage is its ability
to produce clean, fine cuts.
The tap removing set up was extremely hazardous because
the radial drill press was permanently grounded through a
power breaker box. As a result the vise had to be insulated
from the drill press table by a piece of clear plastic so a
short circuit would not occur. The chief advantages of the
closed loop RC set up were the easy accessibility and visual
observation of the work. Larger and more irregular work
pieces could have been fastened to the drill press table than
those placed in a plastic dielectric container as shown in the
other set ups. If a different power supply would have been
used or the ground wire disconnected, the drill press vise
could have been bolted securely to the table to prevent acci-
33
dental bumping and moving the work. For the tap removing
experiment a 1/4-20-NC tap was broken off in a drilled-
through hole in a stainless steel flange. The flange was
mounted in a vise and the bottom of the through hole was
stopped by pressing a small amount of plastic clay in it.
The plugging of the through hole permitted the hole to fill
up with dielectric submerging the machining zone in dielec
tric. The tool holder was mounted directly in the drill press
chuck without the use of a vibrator. A copper tool was made a
little larger than the solid center of the tap. It was found
difficult to maintain a steady arc without the use of the
vibrator in removing the tap. The RC power supply increased
the cutting time in cutting through the tap due to its low
amperage output. The cutting time to remove the tap was about
forty-five minutes. Water mixed with a water soluble oil was
the dielectric used so as to not rust the drill press table
or vise. Refer to Figures 10 and 11 to see the tap broken
off and then removed respectively,
A series of test holes were drilled into regular hardened
steel files as shown in Figure 12 to demonstrate the ability
of an electron drill to cut metals that ordinary shop tools
would not cut. The data were then tabulated and are condensed
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in Table 1. In cutting several of the holes a welder with
a high frequency control was used as the power supply. In
normal welding operations the high frequency is superimposed
on a DC or AC current and is used with inert gas welding to
stabilize the arc. On hole number ten the RC power supply
was set up the same way as Zadig's power supply in Popular
Science. Hole number nine represents a modified RC power
supply drawing approximately five times the amerpage as
Zadig's power supply. Hole number five was made by using
alternating current to see if it would work. The use of
alternating current causes excessive electrode wear and de
posits of metal around the edge of the hole in the form of
a small rim. The depths of the holes were measured with a
vernier caliper depth guage and represent only close approxi
mations since some of the holes were irregular at the bottom.
It can readily be seen that increased amperages cause in
creased hole depth when machining for the same period of
time. Increased amperages also cause a coarser surface finish
on the piece being machined. The cutting time data repre
sented in Table 1 are close approximations due to individual
drill press feeding variations of the machine operator. The
electrodes used were made of soft brass and a high purity
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graphite. After cutting holes one and two, the holes were
found to be approximately .010" larger than the electrode.
Holes three and four were about .050" larger than the elec
trode because much higher amperages were used. Approximately
5 PSI was used as a dielectric pressure with the tool held
away from the work. When the tool was brought into contact
with the work the pressure rose to approximately 18 PSI.
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DISCUSSION
After evaluating the operation and results of operation
of the electron drill, it was found that no one of the four
previously tested set ups was best. The criteria for deter
mining which set up to use should be determined by how much
money one wants to spend and what shop equipment is available
to use. The least complicated and least expensive arrangement
of components was the simple set up shown in Figure 7. The
most desirable set up from an operational standpoint was the
closed loop instrumented arrangement as shown in Figure 8, be
cause a closer control was maintained over the actual machin
ing operation through instrumentation.
In each of the closed loop dielectric arrangements, a
filtering system could have been placed in the dielectric
circulation line to remove the eroded metal particles and
thereby rejuvenate an expensive dielectric. In actual prac
tice the dielectrics used in this series of tests were dis
carded because kerosene and water were relatively inexpensive.
The type of power supply to use in conjunction with any
of the set ups depends on what is available in the shop. A
low amperage DC welder with a high frequency attachment would
be ideal. If no welder were available a modified version of
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Zadig's RC power supply could be built economically. The
electrical shock hazard should be removed from this power
supply by using a power transformer with three wires, one of
which is grounded, to replace the heating coils that have only
two wires.
There are other possibilities of power supplies which
have not been tried such as a number of car batteries wired
in series to produce the necessary DC voltage to a variable
capacitor bank. A simplified power supply which could be
grounded to remove the electrical shock hazard could possibly
be developed using a transistor switching circuit for fre
quency control.
Another improvement which could be made to increase the
cutting accuracy of the machine is to select a more rigid
drill press, one that has little play in the quill. A verti
cal mill is generally a more rigid machine than a drill press
and could be used as a substitute. There are many types of
vibrators on the market and care should be taken to select one
with as little side play in the vibrating mechanism as pos
sible. The particular vibrator used in this thesis was
selected because it was a standard shop tool already purchased
before the conception of this thesis.
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It was the intention of the author that students modify,
construct, and use such a modern shop tool to keep abreast of
recent trends in industry. The machine was developed with
the machine shop student in mind, but an electronics class
could well be the place for designing a new power supply.
Once completed the electron drill will result in a metal
working tool which can do work that cannot be duplicated by
any other machine shop tool.
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SUMMARY
Tliti purpose of this study was to design, build, and tost
an electrical discharge machine in the fomi of an electron
drill which would demonstrate the principle of electrical
discharge machining and could do actual work.
The main objectives sought were to;
1. keep the design simple enough so that it could be
constructed in any well-equipped high school shop,
2. keep the cost of the machine reasonable.
3. make use of any existing equipment in the school
shop which could be used as a component or com
ponents in the effort to cut costs.
This study was experimental in nature by testing newly
designed components and substituting standard shop equipment
for components into an integrated electron drill design.
It was found that existing shop equipment could indeed
be substituted for component parts in building the electron
drill. The basic machine tool around which all other com
ponent parts were assembled was a drill press. The drill
press brought the electrode into contact with the work. A
metal engraver or vibrator was mounted in the drill press
chuck and used to maintain a consistent arc gap between the
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electrode and the work. An electrode holder was fabricated
from a hard copper Tee, a brass compression tube fitting,
a short piece of bakelite, and a six inch length of copper
ground strap. The electrode holder permitted a constant
supply of liquid dielectric to be forced through the hollow
electrode or tool while the electrode holder was mounted in
the vibrator chuck. Several electrodes were made from copper,
brass, and graphite with small holes drilled in their centers.
Two types of power supplies were used: an ordinary shop weld
ing machine with a high frequency attachment, and a resistance
capacitance unit that was built especially for evaluation in
this thesis.
Four basic electron drill set ups were made by varying
the power supply, instrtmientation, drill press and dielectric
circulating system.
A series of test holes was drilled into regular hardened
steel files to demonstrate the ability of an electron drill
to cut metals that ordinary shop tools would not cut.
The particular applications of the electron drill de
scribed in this thesis for the school shop were to:
1. act as a teaching aid,
2. remove broken taps.
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3. remove broken drills and reamers.
4. remove broken studs and set screws.
5. drill new holes.
6. enlarge existing holes.
7. counter bore holes.
8. cut irregularly shaped holes.
By the results of the holes drilled with the various set
ups described in this thesis, it was clearly demonstrated
that a simplified electron drill can be made using existing
shop equipment, thereby reducing costs of construction.
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